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Description 

[0001] This invention relates to a method and appa- 
ratus for applying a polymer coating on a strip of metal 
and, in particular, to a method of coating both sides of 
an aluminum strip with thermoplastic resins from extrud- 
ers and extrusion dies which are positioned to deposit 
the thermoplastic resin on opposite sides of the strip. 
The product of this invention is a strip of metal, such as 
aluminum, which has thin polymer coatings on both 
sides thereof and which has many applications, but is 
particularly well suited for use in packaging applications 
such as can ends and can bodies. 
[0002] It is known to coat metal sheet or strip with ther- 
moplastic resin on one or both sides to improve the cor- 
rosion resistance, formability, appearance or other prop- 
erties of the material. The coating can be applied by a 
variety of processes such as roll coating, reverse roll 
coating, spraying, eiectrocoating, powder coating, and 
lamination. The coated strip may be used for applica- 
tions such as in cans and can ends, foil pouches, lidding 
stock, appliances, electrical devices, construction, aer- 
ospace or automotive body sheet. 
[0003] United States Patent No. 5,093,208 to Heyes 
et al discloses a method for forming a laminated metal 
sheet in which a precast thermoplastic polyester film is 
pressed against one or both surfaces of a metal sheet 
to adhere the film to the sheet in a pressed against one 
or both surfaces of a metal sheet to adhere the film to 
the sheet in a non-crystaliine form. The uncoated sheet 
of metal is heated to a temperature above the melting 
point of the polyester film and the film is applied to the 
sheet under pressure to form a laminate material. The 
laminate material is then heated to above the melting 
point of the film to improve the bond of the plastic film 
to the metal and is quenched rapidly to a temperature 
below the glass transition point of the polyester to form 
a non-crystalline polyester. The quenching is done by 
passing the laminate through a curtain of water. 
[0004] European Patent Application 0,067,060 in the 
name of Taiyo Steel Ltd. discloses a method of produc- 
ing a coated metal plate by directly extruding a thermo- 
plastic resin onto the heated surface of the plate. Ac- 
cording to that patent application, molten resin is applied 
directly from the extrusion die to the metal plate without 
forming the resin into an independent film. The thick- 
ness of the film can be less than 50 microns and pref- 
erably down to 35 to 5 microns. The patent application 
states that since the step of forming an independent film 
is omitted, the cost of producing the coated metal is re- 
duced. Suitable thermoplastic resins used for coating of 
metal surfaces include polyolefins, acrylic resins, poly- 
esters, polyamides, polyvinylchlorides and many other 
resins as listed in the published patent application. The 
resin can be coated either as a monolayer or multilayers 
of the same or different resins. Th patent application 
discloses applying the resin on only one sid of the met- 
al strip. 



[0005] An improved process is desired for applying a 
thin polymer coating on both sides of a m tal strip suit- 
able for use in applications such as packaging. A proc- 
ss is desired for producing tight adhesion or welding of 

5 the polymer to the strip so that th polym r will not dela- 
minate during subsequent forming of the strip or use of 
the products produced from the strip. 
[0006] This invention provides a method for coating 
both sides of a metal strip with thin thermoplastic poly- 

10 mer resin to f orm a coated strip suitable for use in pack- 
aging and other applications. 

[0007] Accordingly, an object of this invention is to 
provide an improved method of adhering polyester resin 
on both sides of a metal strip. 

is [0008] The above and other objects and advantages 
of this invention will be more fully understood and ap- 
preciated with reference to the following description and 
the drawings attached hereto. 
[0009] Figure 1 is a schematic, side elevational view 

20 of one embodiment of a system of this invention. 

[0010] Figure 2 is a schematic, side elevational view 
of a portion of another embodiment of this invention. 
[001 1 ] Figures 3 and 4 are schematic, side elevational 
views of further embodiments of this invention. 

25 [0012] Figure 5 is a partial cross section of the strip 
and extrusion dies of Figure 4 greatly enlarged to show 
the application of the resin to the strip. 
[0013] Figures 6 through 1 4 are schematic, side ele- 
vational views of further embodiments of this invention. 

30 [0014] The drawings appended hereto illustrate sys- 
tems for coating both sides of a strip of metal as it travels 
from a first coil to a second coil on which the metal is 
wound after it has been coated. Referring in particular 
to Figure 1 , a strip 1 0 of aluminum alloy is unwound from 

35 coil 12, moves around tension rollers 14, travels verti- 
cally upward over a roll 1 6 and then downward from roll 
1 6 through the coating apparatus. A back-up roil 1 8 may 
be used to maintain the metal strip 1 0 in a flat condition 
as it moves over support roll 1 6. 

40 [001 5] As the strip 1 0 moves downwardly from roll 1 6 , 
it is first heated by heater 20 to a temperature close to 
or above the melting point of the polymer to be applied 
thereto. In the embodiment illustrated in Figure 1 , the 
heater is an induction heater, but other heaters or pre- 

45 conditioners such as flame treatment, infrared, plasma 
and/or corona discharge may also be employed either 
singularly or in combination. Flame heaters can be used 
in tandem (one on each side) or on one side only to en- 
hanc performance (improved bonding as well as heat- 

50 ing). The coil 12 may also be used, which is still hot from 
the prior processing, such as rolling or heat treatment, 
to minimize or even eliminate the need for heating by 
heater20. A typical temperature which the metal is heat- 
ed, prior to applicaiton of the thermoplastic material, in 

55 the range of about 1 21 °-260°C (250*-500°F) depending 
on a number of factors, primarily the particular polymer 
that is to b applied to the strip. 
[0016] Two separate xtrusion coating systems 21 
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and 31 are provided for applying thin w bs of thermo- 
plastic polymer such as polyester resin to the two sur- 
faces of the h ated web. Th systems 21 , 31 are dis- 
posed justb lowth induction h ater20. Th extrusion 
coating systems 21,31 each includ an extruder for de- 
livering a molten polymer extrudate through a sheet die 
22, 32 having a narrow exit slit to produce a thin web of 
extrudate 24, 34 which is passed through a three-roll 
stack. Alternatively, one extruder may feed both extru- 
sion dies via transfer pipes or other manifolding. 
[0017] The first rolls 26, 36 of the systems 21 , 31 are 
pinning and drawing rolls which are maintained at a tem- 
perature which will promote sticking or clinging of the 
polymer extrudate to the polished surface of the roil. A 
typical temperature for this purpose is in the range of 
about 120° to 180°C (248»-356°F), depending on the 
resin being used. The surface speed of the rolls 26, 36 
is substantially faster than the speed of the extrudate 
exiting the die 22, 32, thus drawing the polymer to a re- 
duced thickness. Typical speed ratios of drawing veloc- 
ity to extrudate velocities range from about 5:1 to 40:1 . 
The resin from the extruder is typically approximately 
0.127-0.635 mm (0.005-0.025 inch) thick and is drawn 
to a reduced thickness of approximately 0.0076-0.038 
mm (0.0003-0.0015 inch) thick. 
[0018] The second rolls 28, 38 are cooler than the first 
rolls and are designed to polish and cool the extrudate 
by rolling contact between the rolls and the extrudate. 
The second rolls 28, 38 also transfer the extrudate to 
the third rolls which are the applicator rolls. The third 
rolls 30, 40 may be tension loaded using springs, hy- 
draulics pneumatics, or the like and preferably have re- 
silient (such as high temperature resistant elastomers) 
exterior surfaces, or roll shells, to press the semi-cooled 
extrudates against the heated metal web or strip 1 0. The 
third roils 30, 40 of the two extrusion sets support oppo- 
site sides of the strip 1 0 against the pressure or force of 
each other so that the semi-cooled extrudates 24, 34 
can be pressed against the strip under the pressure of 
such third rolls 30, 40. 

[0019] The coated strip of metal 11 continues its ver- 
tical downward travel past or through a second heater 
42 which uniformly heats the metal or the plastic, or both 
the metal and the plastic, especially at the interface ther- 
ebetween to a temperature that will consummate bond- 
ing of the polymer to the metal strip without substantially 
reducing or otherwise deleteriously affecting the desired 
properties of the metal strip or the plastic coating ther- 
eon. The desired temperature will depend on the partic- 
ular polymeric material which is being applied as a coat- 
ing but is somewhere in the range of approximately 200° 
to 260°C (392-500°F). The second heater 42 is prefer- 
ably an induction type heater, which is well known in the 
art. Alternatively, the heater 42 could be a convection 
oven or an infrared heater. 

[0020] Upon exit from the second heater 42, and while 
continuing in a vertical downwardly direction, the coated 
strip 1 1 is rapidly cooled as by a wat r spray 44, a water 



curtain, or oth r suitabl cooling means. Such cooling 
must low r the temperature of the composite structure 
to a low nought mperature to allow turning th coated 
strip around roll rs without d let riously affecting th 
5 coating or th metal. In a preferred meth d of coating 
an aluminum alloy, such as alloy 3004, can sheet with 
polyester resin, the composite structure is preferably 
cooled to below approximately 40°C (104°F) before it 
contacts roller 48. In such a preferred embodiment, 
10 cooling is fast enough that the polyester coating on it is 
solidified in a substantially non-crystalline form. The 
speed of cooling to accomplish this will depend on the 
polyester. The rate of cooling can be controlled by con- 
trolling the temperature and volume rate of flow of the 

is cooling water against the coated strip. 

[0021] In the embodiment illustrated in Figure 1 , the 
coated strip moves through a bath 46, such as a water 
bath, and around rollers 48 and 50 on opposite ends of 
the bath before the coating is dried. The water bath com- 

20 pletes the cooling process. 

[0022] From the water bath 46, the coated strip 11 
preferably moves vertically upwardly through a drying 
system 52 to remove residual moisture from the strip 
before rewinding. The drying system 52 may typically 

25 comprise warm air blowers. The composite strip next 
moves over rollers 54, 56 and 58 and onto a rewinder 
60. The system may include accumulators, not shown, 
to accommodate roll changes or coil changes and may 
also include means for leveling the metal after it has 

30 been coated. The system also preferably includes trim- 
mers, not shown, for trimming the edges of the coated 
metal web I or to remove any polymer that extends past 
the edges of the metal. The trimmers may be located at 
various points along the path of the strip such as imme- 

35 diately after the polymer resin is applied to the strip, after 
the spray cooler, or after the drying system. 
[0023] The aluminum strip that is coated by this inven- 
tion may be of a variety of alloys and tempers depending 
on the use which is to be made of the strip. Some typical 

40 aluminum alloys suitable to be forming can ends and 
can bodies include Aluminum Association alloys 5042, 
51 82 and 3004 in intermediate to hard tempers including 
H-14, H-19and H-39 tempers, among others. The metal 
strip is typically 0.1 778-0.356 mm (0.007 to 0.01 4 inch) 

45 thick. 

[0024] In accordance with this invention, a variety of 
thermoplastic polymers such as a polyester can be used 
to coat an aluminum strip which is designed for use in 
packaging such as cans or can ends. A preferred poly- 

so ester resin is a high melt viscosity (HMV) resin of the 
type that has heretofore been used to coat oven able 
metal trays, liquid foil packaging and heat seaiable foil 
packaging. SELAR® , PT8307 HMV copolymer resin 
sold by E. I. Du Pont de Nemours Company is an exam- 

ss pie of a high performance polyester resin suitable for 
us inthisinv ntion. Such copofym rcanalsobebi nd- 
d with oth r th rmoplastic polyesters such as bottle 
grad polyest rs having intrinsic viscositi s'of about 
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0.72 IV and above. For xample, a bi nd of SELAR® , 
PT8307 HM V copolym r with T89 PET sold by Hoescht- 
C lanes may provide improved p rformance for alumi- 
num strip coated in accordance with this invention for 
us in making products such as ends for bev rage cans. 
Other thermoplastic polymers suitable for use in this ap- 
plication include polypropylene, polyethylene, polya- 
mides (nylon), polyimides, polycarbonates and polyvinyl 
chloride (PVC), among others. 
[0025] Figure 2 shows a portion of an alternative em- 
bodiment of a system for practice of the present inven- 
tion. In this system, the metal strip 70 is coated on both 
sides as the strip preferably moves vertically upwardly 
instead of vertically downwardly as in Figure 1 . The met- 
al strip 70 moves around an infeed roll 72 and vertically 
upwardly from that roll through a pre-heater 74 such as 
an induction heating system. The strip then moves 
through an optional flame treater 76 and between the 
opposed extrusion systems 78, 80 for coating both sides 
of the strip. The flame treater enhances the receptivity 
of the strip to bonding by the resin coating. 
[0026] The extrusion coating systems 78, 80 in Figure 
2 are similar to that of Figure 1 except that the systems 
78, 80 each include only two rolls rather than three rolls 
as in Figure 1. The surface speed of the pinning and 
drawing roils 82, 84 is several times faster than the exit 
speed of the polymer from the extruder dies 90, 92 so 
as to draw and thin the extrudate as in the system of 
Figure 1 . Rolls 86, 88, which are cooler than rolls 82, 
84, receive the extrudate from rolls 82, 84 and apply it 
to the strip 70. 

[0027] After the strip 70 has been coated on both 
sides, the strip continues to move vertically upwardly in- 
to an insulated chamber 94 which contains a cooling and 
a turning roll 96 for cooling the strip and redirecting it 
vertically downwardly. The chamber 94 is preferably in- 
sulated for accurate temperature control of the strip as 
it moves overthe cooling and turning roll 96. The roll 96 
preferably has an outside shell diameter of at least ap- 
proximately three feet. The roll's large diameter minimiz- 
es stressing of the metal due to curvature effects. The 
temperature of roll 96 and strip 71 is controlled by fluid 
91 in an annular chamber 93 between the roll's outer 
shell 97 and an inner shell 95. The annular chamber 93 
is preferably not filled to capacity so as to minimize the 
inertia effects (provides viscous damping) and enable 
speed control and tracking. 

[0028] The composite coated strip 71 moves vertically 
downwardly from the turning and cooling roll 96 through 
a post-heater 98 which heats the composite strip to ap- 
proximately 204-260 Q C (400-500°F) to enhance bond- 
ing of the polymer such as polyester resin to the strip as 
in the embodiment of Figure 1 . The heater 98 may be a 
conventional induction heater, convection oven or infra- 
red heater. The composite strip 71 moves from the heat- 
er 98, through cooling or quenching means not shown, 
to a second cooling and turning roll 99 and from that roll 
to a rewind roll not shown. Roll 99 is similar in d sign 



and dim nsions to roll 96 described above. 
[0029] Figur 3 is a schematic of another embodiment 
of this invention in which cl aned, room temperatur , 
condition d sheet stock 100 is unwound from an un- 
5 winder 1 02 and f d upwardly over a draw roll s 1 1 04 
consisting of roll 103 and an optional back-up roll 105 
at the top of the processing stack. Accumulators, not 
shown, may be included to accommodate coil changes 
on the unwinder 1 02. 

10 [0030] From the draw roll set 1 04, the web 1 00 travels 
in a vertical and downward direction, and is preferably 
slanted about 30-45 degrees from the vertical. Such 
slant facilitates downstream extrusion coating and ma- 
chinery arrangement The web 100 passes through a 

is pre-heater 106, wherein an induction field is generated 
to uniformly heat the metal to a temperature that will en- 
hance downstream "green peel" strength of the bonded 
polymer to the strip without substantially reducing or oth- 
erwise deleteriously affecting the desired metal proper- 

20 ties. As used herein, "green peel" strength means that 
the polymer is adhered to the metal strip with sufficient 
holding power that the polymer will not delaminate from 
the strip during subsequent processing. The desired 
temperature should be in the range of approximately 

25 204°-260°C (400-500°F), and preferably approximately 
215°-246°C (425°-475°F) when applying polyester. 
[0031] The pre-heated web 100 continues in a down- 
wardly slanted direction and passes through an optional 
flame surface treater 1 08. The flame treater may reduce 

30 the surface of the pre-heated metal to eliminate, mini- 
mize or enhance oxides, and thereby enhance adhesion 
of a polymer which is subsequently applied to it. 
[0032] The heated and treated web 100 next enters 
the first of two extrusion coating stations. An extruder, 

35 not shown, melt-plasticizes a PET polymer or other ther- 
moplastic resin and delivers it through a sheet die 110 
which is positioned either vertically or obliquely from ver- 
tical and which has a narrow exit slit. The slit is set to 
produce a back-pressure to the extruder that enables 

to spreading of an extrudate 1 1 2 to a width at least as wide 
as the width of strip 1 00. The slit may have a width less 
than the width of the strip 1 00 depending on several fac- 
tors such as the nature and thickness of the polymer 
resin, the relative speeds of the extruder and metal strip 

45 and the shape of the die, the shape of the extrudate film, 
among other factors. The extrudate 112 is drawn into a 
roll stack 114 to reduce its thickness to the final thick- 
ness for application to the web. The draw th ickness ratio 
should be approximately 1 0-25:1 , depending on the ex- 

so truded polymer. 

[0033] The two-roll stack 11 4 is disposed such that a 
plane through the centeriine of the rolls is slanted ap- 
proximately 30 degrees from horizontal. The "inside" or 
turning roll 116 preferably has a resilient surface made 

55 of high temperature-resistant elastomer and is internally 
and/or xternally cooled to minimiz deterioration of the 
lastom r. 

[0034] Th outside or pressure roil 118 is chrome- 
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plated steel, polished, and preferably maintained at a 
temperature below about 150°F or 66°C (for p lyester) 
which is below the "stickiness" point of th molt n pol- 
ymer which applies line pressure to the potym r as it is 
applied to the strip mat rial. This enhances adhesion of 
the polymer to the metal 1 00 as well as improves surface 
appearance. The surface speed of the rolls 116, 118 is 
approximately 10 times faster than the extrudate's exit 
speed from the extrusion die 1 1 0, thus drawing the pol- 
ymer onto the web 1 00 to its desired thickness in a range 
of approximately 0.00762 mm to 0.02032 mm (0.3-0.8 
mils) and preferably about 0.01 016 mm (0.4 mils). The 
two-roll stack 1 1 4 coats the first side of the web 1 00 with 
adequate "green peel" strength to avoid separation of 
the polymer from the metal during the subsequent 
processing. 

[0035] The single-side coated web 1 01 next exits the 
stack 114 and turns approximately 60 degrees (as a re- 
sult of the preferred positioning of the second extrusion 
station) over the elastomer coated roll 1 1 6 to slant the 
web downward 30-45 degrees from vertical (approxi- 
mately 60 degrees from the entry position into the first 
stack). The pre-heated and single-side coated web 1 01 
continues in a 30-45 degree slanted and downward di- 
rection, may pass through an optional second (and pos- 
sibly larger) flame or other type of boost heater 120, 
wherein the surface of the pre-heated metal is treated 
to eliminate/minimize oxides on the second surface and 
enhance adhesion of the polymer, as well as to provide 
any needed temperature "boost" to achieve optimum 
bonding conditions. 

[0036] The pre-heated and pre-treated web 1 01 next 
enters the second of the two extrusion coating stations 
to coat the opposite side of the web than was coated by 
the first coating station. The extruder performance re- 
quirements, arrangement, and process for the second 
extruder are identical to the first extruder. The melted 
extrudate 122 from extrusion die 124 is passed into the 
nip of a two-roll stack 126 having an arrangement in 
which a plane through the centerlines of the rolls 128, 
130 is inclined approximately 30-45 degrees from the 
horizontal (45-60 degrees from the centerline position 
of the first stack 11 4). 

[0037] The geometries, arrangement, performance, 
and functions of the rolls 128, 130 are identical to that 
of the first stack 114. The second side of the pre-heated 
web 101 is coated with extrudate 122 to produce ade- 
quate "green peer strength, as described above for the 
first side. The double-side coated web 1 03 next exits the 
stack 126 and is preferably turned approximately 45-90 
degrees over the rubber coated roll to achieve a pre- 
ferred positioning for the induction bonding heater 132 
at approximately 30-45 degrees from vertical in a down- 
ward direction. 

[0038] The now-coated web 1 03 continues in a slant- 
d and downward direction and pass s through a sec- 
ond h at r 132, pr f rabry an induction heater, to uni- 
formly h at the metal/plastic interfac to at mperature 



that will consummate a bond of the plastic to the metal 
web without substantially reducing or otherwise d lete- 
riously affecting th d sired m tal properties r the plas- 
tic. Th temperature is preferably approximately 

s 400-550°F (204-228°C) and pref rabry about 
425-475°F (215-246°C) for polyester. 
[0039] Upon exit from the induction heater 132, and 
while continuing in a slanted and downward direction, 
spray nozzles 134 (or other suitable devices) cool the 

10 composite structure to a temperature low enough to al- 
low turning around roller 1 36 without deleteriously af- 
fecting the composite material's ultimate end-use per- 
formance requirements. The semi-cooled composite 
103 is turned and passed through a horizontal water 

*5 bath 1 38 to complete the cooling process. 

[0040] A drying system 1 40 is used after the compos- 
ite 1 03 leaves the bath 1 38 to remove residual moisture 
before rewinding. Leveling is performed to remove 
stresses produced by the turning or bending of the metal 

20 strip 100 over the rolls. The completed material 1 03 is 
then rewound by rewinder 142. Accumulators, not 
shown, can be used to accommodate roll changes and 
coil changes on the rewinder 1 42. 
[0041] Figures 4 and 5 illustrate a further embodiment 

25 of this invention in which the metal strip 150 is moved 
vertically upwardly during the coating process and in 
which the extrusion dies 1 52, 1 54 apply the molten resin 
directly against the opposite sides of the strip. The sys- 
tem of Figure 4 includes an unwinder 156 from which 

30 strip 150 travels upwardly through an induction pre- 
heater 158, and then between two extrusion dies 152, 
154. The dies 152, 154 are fed by conventional extrud- 
ers, not shown. 

[0042] Figure 5 is a greatly enlarged showing of the 
35 dies 1 52, 1 54 as they apply extrudate 1 60, 1 62 directly 
to the metal strip 150. The die orifices are positioned 
close to the strip so that th e force of the extrudate issuing 
from the dies is applied against the strip. The dies are 
positioned within about 5 to 20 mm of the strip, and pref- 
40 erably less than 10 mm from the strip. The metal strip 
150 travels approximately 10-20 times faster than does 
the extrudate issuing from the dies 152, 154 so the ex- 
trudate is drawn and reduced in thickness by pull of the 
strip on the extrudate. The extrudate may be in the range 
45 of 0.0127 to 0.0508 mm (0.0005-0.002 inch) thick on 
each surface of the strip. 

[0043] The dies 152, 154 are preferably directly op- 
posed to each other on opposite faces of the strip 150 
so the pressure of the extrudate from opposite sides of 

so the strip will center the strip between the dies. The mol- 
ten polymer impinges upon the surface of the metal strip 
almost immediately afterthe extrudate exits the dies, so 
the polymer does not cool or neck-in before it is applied 
to the strip. This helps to ensure the application of uni- 

55 form coatings of the resin on both faces of the strip. 
[0044] From th extrusion dies 152, 154, the coated 
strip 151 pref rably moves through an induction type 
post-h ater 164 which heats th c mposite strip to 



9 



EP0 820 353B1 



10 



abov the mefting point of thepoly st r resin to nhance 
b nding of the resin to the strip. The composite strip is 
th n quickly cooled by m ans not shown and trav Is 
ver rolls 1 66 and 1 68 to a recoil r 1 70. 
[0045] Rgures 6 through 1 4 sh w alternative mbod- 
iments of this invention for coating both faces of strip 
metal such as aluminum, steel, copper, metal laminates 
or the like. These embodiments all include means for 
preheating the metal strip, first and second extrusion 
coating apparatus including dies and application rolls, 
means for post-heating the strip after it has been coated 
on both faces, and means for cooling the strip. The sys- 
tems may also optionally include means for reheating 
the strip between the first and second coating appara- 
tus. The systems all include an extruder or extruders for 
feeding polymer extrudate to the dies. Each of the first 
and second extrusion coating apparatus in the systems 
includes acasting roil which contacts the web of polymer 
extrudate to press it against the metal strip and a back- 
up roli which supports the strip metal and provides a roll 
nip for pressing the strip metal and web of polymer to- 
gether to adhere the polymer to the face of the strip. The 
systems may optionally include a support roll for one or 
both back-up rolls to support the back-up roll and help 
to cool it. 

[0046] The pre-heater, reheaters and post-heaters in 
these systems can be of a variety of forms such as in- 
duction, flame, infrared, radiant, electric, fossil fuel con- 
vection furnaces, heating rolls or any combination of 
such devices. The strip can also be preheated in coil 
form or from prior processing of the strip to either sup- 
plement or replace a preheat device. A preferred form 
of heater is a TFX<S> induction heater that is available 
from Davy McKee (Poole) Ltd. of Poole, England. 
[0047] The dies in these systems are positioned with- 
in approximately 4-12 inches (10.2-30.5 cm), and more 
preferably about 6-8 inches or 1 5.2-20.3 cm (depending 
on the die and roll sizes), of the die nip between each 
pair or rolls. The extruded webs of polymer preferably 
contact the metal strip and the casting roll substantially 
simultaneously at the roil nip or contact the metal strip 
just ahead of the roll nip. Alternatively, the extruded 
webs can contact the casting roll a few degrees of rota- 
tion before entering the roil nip. Such contact of the cast- 
ing roll before the roll nip should not be more than a few 
degrees of rotation of the roll, such as about 0-25°, to 
minimize cooling of the polymer before the polymer con- 
tacts the metal strip at the roli nip. 
[0048] The extruded webs of polymer may be approx- 
imately 0.005 to 0.030 (0.127-0.254 mm)inches thick 
and are preferably drawn downwardly by the metal strip 
and rolls to reduce the thicknesses of the webs. The 
draw ratio may be in a range of about 1 :1 to 200:1 , and 
more preferably about 10:1 to 40:1. As used herein, 
draw ratio means the ratio of the thickness of the web 
as extruded to the thickness of th w b as applied to the 
strip metal. The draw ratio is generally d termined by 
the difference b tween the rate of xtrusion from the 



dies and th spe d of the strip metal being coated. For 
xample, a draw ratio of 20: 1 generally means that the 
strip is moving about 20 times faster than the speed of 
th web as it exits the die op ning. Techniques for draw- 
5 ing and thinning extruded webs of polymer are w ll 
known in the art. 

[0049] For some systems, it may be desirable to pro- 
vide supplemental means in advance of the roll pairs to 
pin or apply the extruded webs against the face of the 

10 strip metal. Supplemental pinning means can include air 
knives, electrostatic devices, and vacuum pinning 
means, among others. The webs may be cast to be en- 
tirely on the strip metal or may be cast wider than the 
metal and later trimmed to remove excess coating. 

is [0050] For most applications, the casting roll is pref- 
erably a hard metal roll having a chrome plating, chrome 
oxide, aluminum oxide or other hard metal roll surface 
on it. Such roll surfaces may be polished or textured. 
The casting roll is preferably cooled to below the sticki- 

20 ness or softening point of the polymer so the polymer 
will not stick to the roll. The back-up roll for most appli- 
cations preferably has a'resilient outer surface portion 
made of silicone rubber, polyurethane, chlorotrif luoreth- 
ylene polymers such as VITON® or KEL-F® , tetrafluor- 

25 oethylene f luorocarbon polymers such as TEFLON® , 
or other high temperature resistant synthetic rubber or 
elastomeric material, or combinations of such materials. 
VITON® , KEL-F® and TEFLON® are trademarks of E. 
I. Du Pont de Nemours Company. The outer surface of 

30 such elastomeric material preferably has a Durometer 
hardness of approximately 75-85 shore A. For some ap- 
plications, it may be desirable to have a hard surface 
such as TEFLON® , VITON® or KEL-F® elastomers 
over a more resilient material such as natural orsynthet- 

35 ic rubber to provide a hard wear surface and appropriate 
compressibility. Both the casting roil and back-up roll 
should have relatively smooth surfaces in a range of 
about 2-20 root-mean-square (mis). For some applica- 
tions, the casting roll may alternatively have a hard high 

40 temperature resistant synthetic rubber surface as de- 
scribed for the back-up roll. 

[0051] The casting roll and back-up roll are pressed 
against the strip metal and polymer web as the strip and 
web travel through the roll nip to thereby adhere the web 

4S to the strip. Pressing the rolls toward one another press- 
es the metal strip against the resilient material on the 
back-up roll and helps to assure that the polymer web 
is pressed against the metal strip across the full extent 
of the roll nip with no gaps in the contact. The force 

so across the roll nip may vary slightly due to misalignment 
of the rolls or small variations in the strip thickness, and 
roll finishes among other things, but must not have gaps 
of inadequate rollforce. Pressing the rolls together com- 
presses the elastomeric material on the back-up and/or 

55 casting rolls to produce a band of contact at the roll nip 
along th I ngth of the rolls which is believ dtoaccom- 
modat any errors in alignments of the rolls of out-of- 
flatness of the metal strip and provid more uniform dis- 
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tribution of th force of the polym r w b(s) against the 
m tal strip for better coating unif rmityand bonding. Ap- 
paratus for providing th f rce for pressing the rolls 
against one anoth r and regulating r adjusting th 
force are w II known in th art and includ pneumatic 
and hydraulic cylinders, jacks and screws which act on 
the rolls. 

[0052] The polymer coatings applied by this invention 
may be any of a variety of resins as described above 
with respect to Figure 1 . The resins are preferably es- 
sentially 1 00% polymer with little or no solvents in them 
that can volatilize. The same or different resins may be 
applied on the opposite sides of the strip, and one or 
both coatings may contain a pigment or other additive. 
The strip metal is preferably an intermediate to hard 
temper aluminum alloy having a thickness of about 
0.007 to 0.014 inch (0.1778-0.3556 mm) as described 
about with respect to Figure 1 , but can also be other 
metals such as steel or copper or laminates. The strip 
is preferably pre-cleaned and may be pre-treated as by 
anodizing or conversion coating (preferably non- 
chrome) or surface roughening to improve performance 
and improve adherence of polymer coatings to the strip. 
For example, aluminum strip can be cleaned and treated 
with titanium or zirconium phosphate treatments, sili- 
cate treatment or BETZ M ETCH EM® conversion coat- 
ings. BETZ METCHEM® is a registered trademark of 
Betz Laboratories, Inc., of Horsham, Pennsylvania. The 
strip may also be precoated on one or both sides with 
organic coatings or finishes to enhance bonding of the 
polymer to the strip. 

[0053] In the operation of these systems, the metal 
strip is moved through the system at speeds in a range 
of about 300-1 SOOfeet perminute (fpm) or about 90-450 
meters per minute (mpm) and preferably about 
600-1 200 fpm (1 80-360 mpm). Higher speeds obviously 
increase productivity and also reduce the time period 
(residence time) during which the metal is at elevated 
temperatures. Shorter residence times are sometimes 
preferred to minimize reduction in metal properties. 
[0054] Referring now to Figure 6, the coating system 
is illustrated as including a roll 1 72 over which metal strip 
1 74 travels to be fed into and through a preheat device 
1 73 such as an induction heater which heats the strip to 
a temperature in a range of about 250-550°F 
(1 21 -288°C) depending on the metal and temper of the 
strip, the desired properties of the strip after coating, and 
the polymers to be applied, among other factors. For 
aluminum strip to be coated by polyester resin for use 
of the coated strip in packaging applications, a more pre- 
ferred preheating range is approximately 400 to 550° F 
(204-288°C). The preheat temperature, as well as the 
reheat and postheat temperatures, must not be so high 
as to deleteriousry affect the desired properties of the 
strip metal or the polymer coatings on the strip. 
[0055] Thepreh ated strip 174 is coat dsequ ntially 
on opposrt faces by two xtrusion dies 176, 178 and 
two pairs of rolls 180, 182 and 184, 186. One or two 



extruders, not shown, feed molt n potym r resin to th 
extrusion dies 176, 178. Th resin can hav a temp r- 
ature in a range of about 350 to 650°F (177-343°C) as 
fed to th dies 176, 178, and the dies are preferably 
5 heated as by lectrical resistance m ans to maintain th 
resin at the desired temperature. The extrusion dies 
176, 178 have elongated, narrow die openings therein 
approximately corresponding in length to the width of 
the strip 1 74 which is being coated, which may be about 

10 1 r>85 inches (25.4-21 5.9 cm) or more. The length of the 
die opening is preferably at least as wide or wider than 
the width of the strip 1 74 so the web of polymer extruded 
from each die will fully cover the strip. The die openings 
are long and narrow in order to extrude thin webs. The 

is die openings may be up to 0.030 inch (0.762 mm), and 
preferably are in a range of approximately 0.005 to 
0.015 inches (0.127-0.381 mm). The dies are generally 
conventional dies and are available from a variety of 
vendors. The dies 176 and 178 exude thin webs 188 

20 and 1 90 which are applied against opposite sides of the 
strip 174 by the roll pairs 1 80, 182 and 184, 186. 
[0056] In the first roll pair, roll 182 is the casting roll 
which contacts the web 188 of polymer issuing from die 
176, and roll 180 is a back-up roll which supports the 

25 strip 1 74 against the casting roll. As stated above, the 
casting roll 182 is preferably a hard metal roll, and the 
back-up roll 1 80 preferably has a resilient outer roll sur- 
face or shell such as a silicone rubber outer layer on it 
Both the rolls 1 80, 1 82 are preferably cooled by coolant 

30 such as water which is circulated through them. The 
casting roll is cooled to less than about 1 50°F (66°C) so 
the web of polymer will not stick to it. The back-up roll 
1 80 is preferably internally and/or externally cooled to 
minimize heat damage to the resilient layer on the roll. 

35 A support roil 181 may be optionally provided to support 
the back-up roll 180 and help cool it. 
[0057] As shown, the rolls 1 80, 1 82 may be positioned 
parallel with their axes side-by-side in a substantially 
horizontal plane so the strip metal 1 74 and polymer web 

40 1 88 can be fed downwardly into the nip between the rolls 
and out through the bottom of the roll nip. The strip 1 74 
may follow the outer surface of the back-up roll around 
approximately a 0 to 120° arc of the roll before the strip 
leaves the roll surface to travel to the reheater 1 92. The 

45 polymer web 1 88 on the strip metal 1 74 preferably has 
minimal contact with the casting roll 182 in order to min- 
imize possible sticking or adverse effects on the web by 
the roll. This minimization of contact is especially appli- 
cable for polyester resins, whereas more contact and 

so greater cooling of the resin by the casting roll is desirable 
for polypropylene resins (See Figure 14). The rolls 180, 
1 82 are pressed together with a force of about 50-300 
pounds per linear inch (pli) or about 9.0-53.7 kg per cm, 
preferably about 120-180 pli (21 .5-32.2 kg per cm), and 

55 more preferably about 150 pli (26.9 kg/cm) along the 
I ngthofthe roll nip. This force causes the r silientcom- 
pressible outer portion of the back-up roll 180 to be de- 
formed or impr ssed slightly to insure that th r ar no 
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gaps in the force of the rolls against th metal strip 
across th full length of the roll nip and provides a meas- 
ure of forgiving or accommodation t misalignment of 
the rolls r ut-of-f latness of the sheet material. But this 
force do s not reduc th gauge f th polym r or th 
materials. As stated above, this compression of the 
compressible layer on the back-up roll 1 80 produces a 
narrow band of contact between the rolls 1 80, 1 82 and 
the strip 174 at the roll nip. Depending on the amount of 
force pressing the rolls together and the resiliency of the 
support roll 180, among other factors, a typical band of 
contact may be about 1/4 to 1 inch (0.64-2.54 cm) wide 
and typically about 3/4 inch (1 .9 cm) wide. 
[0058] After the strip 174 has been coated on one 
face, it may optionally be reheated as, for example, with 
an induction heater 192 or the like. The strip may be 
reheated to a temperature in the range of about 250 to 
550°F (120-288°C), depending on the polymer being 
applied, and more preferably to about 400 to 550° F 
(204-288°C) for polyester coatings. For some applica- 
tions and some polymers, it may not be necessary to 
reheat the strip 1 74 before it is coated on its opposite 
face. 

[0059] From the reheater 1 92, the strip 1 74 travels to 
the second extrusion die 1 78 and roil pair 1 84, 1 86 and 
optional cooling roll 1 87 for a second polymer web 1 90 
to be applied to the opposite side of the strip from that 
coated by the first web 188. The distance from the exit 
of the first nip to the second nip is preferably kept short 
to control the heat loss from the metal as it travels be- 
tween the two roll nips. The second die 1 78 and second 
roll pair 1 84, 1 86 are similar to the first die 1 76 and roll 
pair 1 80, 1 82 except that the rolls are reversed, the sec- 
ond casting roll is on the opposite side of the strip from 
the first casting roll, the axes of the rolls are in a different 
plane, and the second die 178 is in a different orienta- 
tion. In order for the strip 174 to pass in a substantially 
straight line through the second die nip, the plane 
through the axes of the rolls 184, 186 is substantially 
perpendicular to the plane of the strip moving through 
the die nip and at an angle to vertical. The strip 1 74 
therefore has minimal contact with rolls 1 84, 1 86 except 
for the narrow band of contact produced by the resilient 
deformation of the resilient material of the outer portion 
on the back-up roll 186. As stated above, this minimiza- 
tion of contact of the rolls 1 84, 1 86 against the polymer 
on the strip 174 is believed to be helpful in enhancing 
the quality and performance of the final coated product 
for some polyester resins. For other polymers such as 
polypropylene, a substantial roil wrap and cooling of the 
polymer is preferred before the coated strip departs from 
the roll. 

[0060] As with the first set of rolls, the second set of 
rolls 184, 186 must be pressed against the metal strip 
1 74 and the polymer web with sufficient force to ensure 
that the polymer w b 1 90 is press d tightly against the 
strip across the full width of the roll nip. The force be- 
tween th second set of rolls 184, 186 should b in a 



rang ofapproximat fy 50-300 pli (9.0-53.7 kg/cm), and 
pref rably about 120-1 80 (21 .5-32.2 kg/cm). 
[0061] Aft r the strip 174 has been coated n both 
sides or faces with th polymer webs 1 88, 1 90, the fully 

5 coated strip trav Is through a post-heater 194 and 
through a system for cooling the coated strip. Although 
not essential to the invention, it is believed to be desir- 
able to minimize contact of the coated strip by rolls or 
other mechanical devices between the coating rolls 1 84, 

10 1 86 and when the polymer has been solidified by cool- 
ing. For example, it is desirable for the strip 1 74 to travel 
in a substantially straight line from rolls 1 84, 1 86 through 
a post-heater 1 94 and through means, not shown, for at 
least partially cooling the strip to at least below the meft- 

15 ingpointof the polymercoatings on the strip. Inthisway, 
contact with the polymer on the strip with rolls or the like 
is avoided before the polymer is solidified, and the coat- 
ings are not as likely to be adversely affected by rolls or 
the like. 

20 [0062] The post-heater 1 94 is preferably an induction 
heater, infrared heater, convection oven or a combina- 
tion of two or alt three that can quickly heat the resin on 
the sheet to at least abo ut the softening temperature and 
preferably above the melting point of the polymers. It is 

25 important that such heating not be so high as to signifi- 
cantly deleteriousfy affect the properties of the metal in 
the strip or the polymer coatings on the strip. Heating 
the polymers to at least approximately their melting 
points may be desirable to cause the polymers to flow 

30 and thereby heal any blemishes and/or smooth any un- 
even ness of the coatings on the strip. 
[0063] After the strip has been post-heated, it is 
cooled quickly to solidify the coating in a substantially 
non-crystalline form, ft may be desirable to first partially 

35 cool the strip with air or other gas to below the melting 
point of the polymer and then to quench the partially 
cooled strip with water sprays or a water bath. Partially 
cooling the strip with air is believed to minimize possible 
adverse effects that water might have on polymer that 

40 is still melted or molten. As used herein, "quickly cool- 
ing" means that the polymer coatings are cooled 
promptly after the coated strip exits the postheater as 
the strip is traveling at about 300-1 500 fpm, and prefer- 
ably about 600-1200 fpm. The cooling or quench unit is 

45 positioned within a few feet, such as about 5-50 feet, of 
the postheater so the polymer coatings are preferably 
solidified less than about 10 seconds and more prefer- 
ably less than about one second after the coated strip 
exits the postheater. 

so [0064] After the strip has been cooled, it can be further 
processed as by trimming the edges, slitting, leveling, 
winding on a coil or made into products such as can 
ends or can bodies with or without being rewound. 
[0065] Figure 7 shows an alternative system similar 

55 to the system shown in Figure 6 except that the upper 
pair of roils 202, 204 is positioned with the axes of th 
rolls disposed in a plane which is p rpendicular to the 
strip 196 passing through the roll nip. Cooling rolls, not 
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shown, may b added to h Ip cool rolls 202, 208 and 
212. In this syst m, there is minimal contact of the strip 
against th back-up roll so th r is I ss h at transf r 
from the strip to th back-up roll and I ss h at damag 
to the resilient out r portion of th back-up roll 202. This 
also means less cooling of the strip metal, which may 
obviate any need to boost or reheat the strip before it is 
coated on the inverse side. If reheating is desired, the 
one-sided coated strip has its direction turned by roll 208 
and is passed through a boost heater 21 0. The strip then 
has its inverse side coated by die 21 6 and rolls 21 2, 21 4. 
The fully coated strip is then post heated and cooled/ 
quenched in a manner similar to that described above 
with reference to Figure 6. 

[0066] Figure 8 illustrates an alternative embodiment 
of this invention which is similar to that of Figure 6 except 
that the rolls 218, 220 in the lower coating station are 
disposed horizontally side by side with their axes in a 
substantially horizontal plane and with the strip 222 fol- 
lowing the back-up roll 210 for about 90° of rotation, 
whereafter the strip travels to postheat and cooling de- 
vices, not shown. Figure 8 also shows, by dotted lines, 
several alternative paths for the strip 222 to travel after 
exiting the roll nip in the lower casting station. 
[0067] Figure 9 illustrates another embodiment of this 
invention with a substantially vertical direction of travel 
of the strip metal 230 through the preheater 231 , a first 
roll set 232, a boost heater 234 and a second roll set 
236. From the second roll set, the doubly coated strip 
travels through a post-heater, not shown, and a cooling 
system, not shown. If space permits, the post-heater is 
preferably located vertically in line below the two coating 
rolls, and the strip is preferably cooled to below the melt- 
ing point of the polymer before being contacted by a 
turning roll. Such cooling to below the melting point of 
the polymer can be by air cooling whereafter the strip 
can be turned to pass through a fluid quench such as a 
water quench. 

[0068] Figure 10 shows another embodiment of this 
invention in which metal strip 240 traverses substantially 
horizontally between two extrusion dies 242, 244 and 
roll pairs. In this system, the strip 240 is turned around 
a back-up roll 246 which forms a roll nip with a casting 
roll 248. The extrusion die 242 extrudes a thin polymer 
web 250 above the roll nip to be drawn and reduced in 
thickness before it is pressed against, and adhered to, 
the strip. Both the casting roll 248 and the back-up roll 
246 are cooled as in the previously described systems. 
[0069] From the back-up roll 246, the strip 240 moves 
horizontally through an optional boost heater 252 and 
then around another back-up roll 254 which forms a roll 
nip with casting roll 256. The extrusion die 244 extrudes 
a second web 258 of polymer which is drawn to reduce 
its thickness and is pressed against the strip 240 at the 
nip between the rolls 254, 256. Both rolls 254, 256 are 
preferably cooled as in th first roll pair. Th doubly coat- 
ed strip th ntrav Is through a post-heater 260 and then 
a cooler/quench syst m 262 to produce th final product 



which can be rewound into a coil 264 orb furth r proc- 
essed. 

[0070] Figure 1 1 shows anoth r embodiment for coat- 
ing metal strip 264 in which th strip travels v r a turn 

5 roll 265 and through a. preheat r 266, and in which pol- 
ymer web 268, 270 are applied substantially simultane- 
ously on opposite sides of the strip. The extrusion dies 
272, 274 in this system extrude the polymer webs 268, 
270 which are drawn by casting rolls 276, 278 into, the 

10 roll nip and pressed against opposite sides of the metal 
strip. At least one, if not both, of the casting rolls 276, 
278 preferably has a compressible outer layer such as 
TEFLON® , VITON® , KEL-F® , elastomer in order to 
insure continuous bonding force across the entire length 

15 of the roll nip. The system preferably includes cooling 
rolls 280, 282 to help cool the casting rolls 276, 278 and 
prolong the life of the casting rolls. The system further 
includes a postheater 284 and quench means such as 
water sprays 286 similar to those shown in the prior fig- 

20 ures. 

[0071] A further embodiment of the invention is shown 
in Figure 12 in which strip material such as an aluminum 
strip 290 travels overatum roll 292, through a preheater 
294, and between an upper casting roll 300 and upper 

25 back-up roll 302 to be coated on a first side by a polymer 
web 298 which is extruded from an upper die 296. The 
cast roll is preferably a polished steel roll, and the back- 
up roll preferably has a compressible outer layer on it. 
An upper cooling roll 303 is preferably included to ex- 

30 tend the life of the compressible material on the back- 
up roll 302. From the roll nip between rolls 300, 302, the 
one-side coated strip preferably travels through a heater 
304 to reheat or boost the temperature of the strip for 
coating of the inverse side by a second polymer web 

35 312 which is extruded by lower extrusion die 31 0. A low- 
er casting roll 308 and backup roll 306 press the web 
312 against the strip to adhere it to the strip. Lower cast- 
ing roll 308 is preferably polished steel, and the lower 
backup roll 306 has a compressible outer surface such 

40 as TEFLON® , VITON® or KEL-F® , elastomer. A lower 
cooling roll 314 may optionally be included as with the 
. upper roll set. After application of the second polymer 
web, the two-side coated strip is preferably postheated 
to above the melting point(s) of the polymers) by a heat- 
hs er31 6 and then quickly cooled as with watersprays 31 8. 
[0072] A still further embodiment of this invention is 
shown in Figure 13 in which metal strip material 320 is 
sequentially coated on opposite sides as the strip travels 
in a generally "S" path through the system. In this sys- 

50 tern, the metal strip 320 travels over a turn roll 322, 
through a preheater 324 and between a casting roll 330 
and backup roll 332 for a first polymer web 326 from die 
328 to be adhered to one side of the strip. A cooling roll 
348 is preferably included to extend the life of compress- 

55 tbie material on the backup roll. In this system, the loca- 
tion of th casting roll 330 and backup roll 332 is such 
that th strip metal 320 wraps part way around the rolls 
for about 45-90° of rotation of the rolls depending on the 
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direction of trav I of the strip with respect to a plan 
through the axes of th two rolls. 
[0073] Aft r receiving th first coating, th metal strip 
320 is pref rably turned in direction by a turn roll 336 
and travels through a heat r 338 to boost th tempera- 
ture of the strip, followed by application of a coating to 
the opposite surface of the strip by casting roll 344, 
backup roll 346, cooling roll 348 and extrusion die 340 
which extrudes polymer web 342 into the roll nip. The 
location of the rolls 344, 346 with respect to the direction 
of travel of the strip 320 is similar to the upper coating 
station so the strip also wraps part of the way around 
the rolls as the strip moves through the lower coating 
station. From the lower coating station, the strip 320 with 
coating on both sides is preferably postheated to above 
the melting point of the polymer or polymers and then 
quickly cooled to solidify the polymers on the strip. 
[0074] Figure 14 shows a further embodiment of the 
invention which is particularly suited for applying poly- 
propylene coatings on both sides of an aluminum strip 
material. In this system, strip metal 352 travels over a 
turn roll 354, downwardly at about 30-60° to vertical 
through a preheater 356 and into the roll nip between a 
backup roll 358 and a cast/chill roil 360 for a polymer 
web 364 from die 362 to be applied to the strip. In this 
system, the strip metal 352 wraps part way around the 
cast/chill roll 360 for the roll to coot the polymer on the 
strip to insure that the polymer, and especially a poly- 
propylene material, will peel off the roll and remain on 
the metal strip. A take-off roll 370 may be employed to 
cause the strip 352 to follow the cast/chill roll 360 as 
shown. The cast/chill roll preferably internally cooled 
and has a relatively large diameter such as about 3-6 
feet (0.91-1 .83 meters) in diameter to sufficiently cool 
the strip and polymer on it. The backup roll preferably 
has a compressible outer layer on it and is preferably 
internally and/or externally cooled. 
[0075] From the upper coating station, the strip 352 
travels over a turn roll 372, through a heater 374 to have 
a second coating applied on it by a lower coating station 
which is essentially the same as the upper coating sta- 
tion. The lower coating station includes an extrusion die 
382, a backup roll 376, a cast/chill roll 378, and a take- 
off roll 384 for applying a polymer web such as a poly- 
propylene to the metal strip. The doubly coated strip 
from the take-off roll 384 is then preferably postheated 
and quickly cooled as with the other systems described 
herein. 

[0076] For some applications of this invention, the 
coatings may be different polymers on opposite sides of 
the metal strip and may have different thicknesses. For 
example, the coating on one surface may be a blend of 
a high melt viscosity polyester and a bottle grade poly- 
ester and the coating on the other surface can be a pol- 
yethylene or vinyl resin. The coating on one or both sur- 
faces may also include a pigm nt or coloring material in 
it. 

[0077] Coating strip metal in accordance with this in- 



vention for us in packaging applrcati ns such as use 
in making can bodies or can ends requires the coatings 
to b tightly adhered to the metal strip. Use f the strip 
for packing applications also requires that th surfaces 

5 of the coatings be smooth and glossy. The surfaces 
should have a minimum of irregularities in them such as 
embossing or surface blemishes. The mechanical prop- 
erties of the metal, such as tensile strength, yield 
strength, elongation, formability, and corrosion resist- 

10 ance are also desirably maximized. The coatings must 
also be flexible so they wont crack or delaminate when 
the strip is processed into the final product such as a 
can body, can end or other products. The coatings for 
packaging applications are also quite thin such as about . 

is half a mil in thickness and should be substantially uni- 
form in thickness. 

[0078] In the practice of this invention, the path of the 
metal strip through the roll pairs, the post-heat appara- 
tus and cooling/quench system plays an important role 
20 in the quality of the coated strip. In particular, it is desir- 
able to minimize contact of the coatings on the strip with 
the rolls before the coatings are cooled to at least below 
the melting point, and possibly the softening point of the 
polymers in the coatings. For some systems, it is desir- 
es able to air cool the coated strip, afterthe post-heat, down 
to below the melting point of the polymers before the 
water quench. This air cooling minimizes possible ad- 
verse effects on the molten coating by water in the 
quench. 

30 [0079] Aluminum strip which has been coated in ac- 
cordance with this invention has many advantages over 
strip that has been coated or laminated in accordance 
with prior art methods. One important advantage is that 
the coating is tightly adhered or bonded to both sides of 

35 the metal substrate and does not peel or delaminate 
when the strip is formed into products such as drawn or 
drawn and ironed can bodies, can ends, or decorative 
trim for automobiles or appliances. The strip can also 
be produced at less cost than prior art strip because this 

40 invention eliminates secondary processes of forming, 
rolling and unrolling of films that are laminated to the 
strip by prior art techniques. 
. [0080] It is therefore seen that this invention provides 
an improved continuous process for coating both sides 

45 of a metal strip with thermoplastic coatings and to an 
improved strip which has been so formed. While some 
alternative modes for practicing the invention have been 
described, it will be apparent that the appended claims 
are intended to cover all modes and embodiments which 

so fall within the spirit of the invention. For example, the 
coating or coatings on the metal strip can be polished 
while the coating is near or above its melting point by 
means of a polished kiss roll over which the coated strip 
is passed after postheating and before the coatings are 

55 cooled. Other alternative processing will be apparent in 
view of th description contain dher in. 
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Claims 

1 . A process for xtrusion coating a metal strip (1 0) to 
produce a coated m tal strip (11) comprising: 

providing a strip of metal (10) about 0.007 to 
0.014 inches (0.1778-0.356 mm) thick; 
heating (20) said metal strip to at least 121 Q C 
(250°F) but not so high as to deleteriously affect 
the desired properties of the metal strip; 

characterized by: 

extruding (21 ,31) a polymer resin onto one side 
and the same or different polymer resin onto the 
other of said heated metal strip (1 0) and draw- 
ing the extruded polymer resins to reduce their 
thicknesses in draw ratios of 1:1 to 200:1 to 
form coatings which are at least partially bond- 
ed to said metal strip, said coatings each having 
a thickness in a range of about 0.0003 inches 
to 0.0015 inches (0.0076-0.038 mm); 
heating (42) said coated metal strip to at least 
the glass transition point of said resin but not 
so high as to deleteriously affect the desired 
properties of the metal strip such that said resin 
bonds to said metal strip; and 
cooling (44) said coated metal strip to less than 
about 104°F (40°C) to solidify said resin in a 
substantially non-crystalline form. 

2. A process as set forth in claim 1 , in which the strip 
of metal (174) passes through the nip of a first pair 
of rolls (180,182) and thereafter through the nip of 
a second pair of roles (184,186), each pair of rolls 
comprising a casting roll (182,184) and a backup 
roll (180,186), and polymer resin is extruded onto 
each casting roll for applying said extruded resin to 
said strip of metal (174), and wherein: 
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material; 

(d) at I ast on of said polym r coatings con- 
tains pigm nt; 

(e) at least one of said polym r coatings com- 
prises a high m It viscosity resin; and/or 

(f) at least one of said polymer coatings com- 
prises a blend of a high melt viscosity polyester 
resin and a bottle grade polyethylene terap- 
hathalate resin. 

4. A process as set forth in claim 1 , in which said ex- 
truded polymers are drawn: 

to thicknesses in a range of 0.00254 to 0.127 
mm (0.0001 to 0.005 inch) or in a range of 
0.000508 to 0.0508 mm (0.0002 to 0.002 inch). 

5. A process as set forth in claim 1 , in which said ex- 
truded polymers are drawn: 

to reduce their thickness in draw ratios of 10:1 
to 40:1 , or about 25:1 . 

6. A process as set forth in claim 1 , in which said ex- 
truded polymers are drawn: 

such that one of said extruded polymers is re- 
duced in thickness more than the other. 



30 7. A process as set forth in claim 1 , in which said strip 
metal 

(a) is an aluminum alloy; 

(b) comprises aluminum alloy in a range of 
35 0.178 to 0.356 mm (about 0.007 to 0.014) in 

thick in an intermediate to hard temper, 

(c) is cleaned and treated before it is coated 
with said polymer webs; and/or 

(d) is treated with a conversion coating. 
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(a) said strip of metal is heated (1 92) after it ex- 
its said first pair of rolls and before it enters said 
second pair of rolls; 

(b) said strip is heated to at least approximately 
the glass transition temperature of said polymer 45 
after the strip exits said second set of rolls; and/ 

or 

(c) said strip is heated to at least the melting 
point of said polymer after it exits said second 

set of rolls. 50 

3. A process as set forth in claim 1 or 2, wherein: 

(a) said polymer in at least one said coating is 
polyester; 55 

(b) the polymer in both said coatings contains 
ssentially no solvent; 

(c) said polymer coatings ar 100% polymer 



8. A process as set forth in claim 2, wherein said rolls 
are disposed such that: 

(a) said strip is moved downwardly through the 
nips between said first and second pairs of 
rolls; 

(b) the axes of said first pair of rolls are sub- 
stantially horizontal and said strip travels down- 
wardly at an angle in a range of approximately 
30-70° to horizontal for feeding into the nip be- 
tween the rolls in said first pair and exits them 
in a downward direction at an angle in a range 
of approximately 60° to 140° to said direction 
of travel of the strip into the rolls; 

(c) said strip enters said first pair of rolls at an 
angle of about 45° to horizontal and exits said 
first pair of rolls at angle of about 45° to hori- 
zontal; 
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(d) said strip trav Is in substantially a straight 
path from said first pair of rolls to and through 
the rolls in said second pair of rolls; 

(e) the ax s of the rolls in said second pair are 
dispos d in a plane which is at approxtmat !y s 
a 90° angle to the plane of travel of said strip 
through said second pair of rolls; or 

(f) said strip travels substantially vertically 
downwardly through the nip between said first 
and second set of rolls. w 

9. A process as set forth in claim 2, in which said cool- 
ing is effected promptly after exit of the coated strip 
from said second pair of rolls and before contact of 
the coatings on the strip by any rolls or other me- is 
chanicai devices, and optionally said coated metal 
strip is heated to at least the melting point of said 
polymer before it is cooled. 

10. Apparatus for coating both sides of metal strip with 20 
polymer comprising: 

means for preheating metal strip (174); 

first and second pairs of rolls each of which pair 

includes a casting roll (182,184) and a backup 25 

roll (180,186) which form a nip for metal strip 

(70) and a polymer web to move therethrough 

to adhere the web to the strip; 

at least one extruder; 

first and second extrusion dies (1 76,1 78) for ex- so 
truding a web of polymer less than about 0.030 
inch thick; 

means (1 94) for postheating the metal strip af- 
ter it has moved through both the first and sec- 
ond pairs of rolls and has had polymer webs 35 
adhered on both sides thereof; and 
means (96) for quickly cooling the strip after it 
has been postheated. 

11. Apparatus as set forth in claim 10, which includes *o 
means (1 92) for reheating said strip as it travels be- 
tween said first pair of rolls and said second pair of 
rolls; and/or in which said backup roll (180,186 in 
each said pair has a compressible material as the 
outer roll portion of the roll. 45 

12. Apparatus as set forth in claim 10, in which one or 
both of the casting rolls (182,184) in each said pair 
has a compressible material as the outer roll portion 

of the role. 50 



Patentanspruche 

1. Verfahren zur Extrusionsbeschichtung eines Me- ss 
tallbleches (1 0) zur Erzeugung ines beschichteten 
M tallbleches (11), wobei das Verfahren folg nde 
Schritte umfasst: 
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Vorsehen in sM tallblechs (10)mrt in rDik- 
ke von twa 0,007 bis 0,014 Inch (0,1778 - 
0,0356 mm); 

Erhitz n (20) des g nannten Metallblechs auf 
mindest ns 121 °C (250°F), j doch nicht so 
hoch, dass die gewunschten Eigenschaften 
des Metallblechs schadlich beeinflusst werden; 

gekennzeichnet durch: 

Extrudieren (21, 31) eines Polymerharzes auf 
eine Seite und des gleichen oder eines anders- 
artigen Polymerharzes auf die andere Seite 
des genannten erhitzten Metallblechs (10), und 
Ziehen der extrudierten Polymerharze zur Re- 
duzierung deren Dicke in Zugverhaltnissen von 
1:1 bis 200:1, urn Beschichtungen zu bilden, 
die zumindest teilweise mit dem genannten 
Metallblech verbunden sind, wobei die genann- 
ten Beschichtungen jeweils eine Dicke im Be- 
reich von etwa 0,0003 Inch bis 0,0015 Inch 
(0,0076 bis 0,038 mm) aufweisen; 
Emitzen (42) des genannten beschichteten 
Metallblechs bis mindestens auf den Glasum- 
wandlungspunkt des genannten Harzes, je- 
doch nicht so hoch, dass die gewunschten Ei- 
genschaften des Metallblechs nachteilig beein- 
flusst werden, wie etwa die genannten Harzbin- 
dungen an dem genannten Metallblech; und 
AbkQhlen (44) des genannten beschichteten 
Metallblechs auf unter 104*F (40°C), urn das 
genannte Harz in eine im wesentlichen nicht- 
kristalline Form zu verfestigen. 

2. Verfahren nach Anspruch 1 , wobei das Metallblech 
(174) durch den Spalt eines ersten Walzenpaares 
(180, 182) verlauft und danach durch den Spalt ei- 
nes zweiten Walzenpaares (1 84, 1 86), wobei jedes 
Walzenpaar eine Qusswalze (182, 184) und eine 
Stutzwalze (1 80, 1 86) umfasst, und wobei Polymer- 
harz auf jede Gusswalze extrudiert wird, urn das ge- 
nannte extrudierte Harz auf das genannte Metall- 
blech (174) aufzutragen, und wobei: 

(a) das genannte Metallblech erhitzt (192) wird, 
nachdem es aus dem genannten ersten Wal- 
zenpaar austritt und bevor es in das genannte 
zweite Walzenpaar eintritt; 

(b) das genannte Biech auf mindestens den 
Glasumwandlungspunkt des genannten Poly- 
mers erhitzt wird, nachdem das Blech aus der 
genannten zweiten Walzenanordnung austritt; 
und/oder 

(c) das genannte Blech mindestens auf dem 
Schmelzpunkt des genannten Polymers erhitzt 
wird, nachdem es aus der g nannt n zw iten 
Walz nanordnung ausgetret n ist. 
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3. V rfahren nach Anspruch 1 Oder 2, wobei: 

(a) das g nannte Polymer in zumindest einer 
der g nannten Beschichtungen Polyester dar- 
st lit; 

(b) das Polymer in beiden genannten Beschich- 
tungen im wesentiichen kein Losemittel auf- 
weist; 

(c) die genannten Polymerbeschichtungen aus 
1 00% Polymerstoff bestehen; 

(d) mindesterts eine der genannten Polymerbe- 
schichtungen Pigment aufweist; 

(e) mindestens eine der genannten Polymerbe- 
schichtungen ein Harz mit hochschmelzender 
Viskositat aufweist; und 

(f) mindestens eine der genannten Polymerbe- 
schichtungen eine Mischung aus einem Poly- 
esterharz mit hochschmelzender Viskositat 
und einem Polyethylenterephthalatharz in Fla- 
schenqualitat umfasst 

4. Verfahren nach Anspruch 1 , wobei die genannten 
extrudierten Polymere gezogen werden: 

auf Dicken im Bereich von 0,00254 bis 0,127 
mm (0,0001 bis 0,005 Inch) Oder im Bereich 
von 0,00508 bis 0,0508 mm (0,0002 bis 0,002 
Inch). 

5. Verfahren nach Anspruch 1 , wobei die genannten 
extrudierten Polymere gezogen werden: 

zur Reduzierung ihrer Dicken in Zugverhaltnis- 
sen von 10:1 bis 40:1 Oder etwa 25:1 . 

6. Verfahren nach Anspruch 1 , wobei die genannten 
extrudierten Polymere gezogen werden: 

so dass eines der genannten extrudierten Po- 
lymere mehr in der Dicke reduziert wird als das 
andere. 

7. Verfahren nach Anspruch 1 , wobei das genannte 
Metailblech 

(a) eine Aluminiumlegierung darsteilt; 

(b) eine Aluminiumlegierung im Bereich einer 
Dicke von 0,178 bis 0,356 mm (etwa 0,007 bis 
0,014 Inch) im Zwischenbereich zur Hartvergu- 
tung umfasst; 

(c) gereinigt und behandelt wird, bevor es mit 
den genannten Polymerbahnen beschichtet 
wird; und/oder 

(d) mit einer Veredelungsbeschichtung behan- 
delt wird. 

8. Verfahren nach Anspruch 2, wob i die genannten 
Walz n so angeordnet sind, dass: 



(a) dasg nannte Blech abwarts durch die Spal- 
te zwischen den genannt nerstenundzw iten 
Walzenpaaren bewegt wird; 

(b) di Achsen d s g nannten ersten Walz n- 
5 paares im wes ntiich n horizontal sind, und 

wobei das genannte Blech abwarts in einem 
Winkel im Bereich von ungefahr 30 bis 70° zu 
der HorizontaJen verlauft, urn in den Spalt zwi- 
schen den Walzen des genannten ersten Paa- 
10 res gefuhrt zu werden, und wobei das Blech in 

eine Abwarts richtung dort in einem Winkel im 
Bereich von ungefahr 60° bis 140* zu der ge- 
nannten Bewegungsrichtung des Blechs in die 
Walzen austritt; 
15 (c) das genannte Blech in einem Winkel von et- 

wa 45° zu der Horizontalen in das genannte er- 
ste Walzenpaar eintritt und in einem Winkel von 
etwa 45° zu der Horizontalen aus dem genann- 
ten ersten Walzenpaar austritt; 
20 (d) das genannte Blech in einem im wesentii- 

chen geraden Weg von dem genannten ersten 
Walzenpaar zu und durch die Walzen in dem 
genannten zweiten Walzenpaar verlauft; 
(e) die Achsen der Walzen in dem genannten 
25 zweiten Paar in einer Ebene angeordnet sind, 

die ungefahr in einem Winkel von 90° zu der 
Bewegungsebene des genannten Blechs 
durch das genannte zwerte Walzenpaar ange- 
ordnet ist; oder 
30 (f) das genannte Blech im wesentiichen vertikal 

durch den Spalt zwischen den ersten und zwei- 
ten Walzenanordnungen verlauft. 

9. Verfahren nach Anspruch 2, wobei die genannte 
35 Abkuhlung sofort nach dem Austreten des be- 
schichteten Blechs aus dem genannten zweiten 
Walzenpaar und vor dem Kontakt der Beschichtun- 
gen auf dem Blech mit einer der Walzen oder einer 
anderen mechanischen Vorrichtung bewirkt wird, 
40 und wobei das genannte beschichtete Metailblech 
optional zumindest auf den Schmelzpunkt des ge- 
nannten Polymers bevor dieses abgekuhlt wird er- 
hitztwird. 

45 10. Vorrichtung zur Beschichtung beider Serten eines 
Metallblechs mit Polymer, wobei die Vorrichtung fol- 
gendes umfasst: 

eine Einrichtung zur Vorerhitzung des Metall- 
so blechs (174); 

erste und zweite Walzenpaare, die jeweils eine 
Gusswalze (182, 184) und eine Stutzwalze 
(180, 186) aufweisen, die einen Spalt fur das 
Metailblech (70) bilden, und fur eine Porymer- 
55 bahn, die sich dort hindurch bewegt, so dass 

die Bahn an dem Blech haft t; 
mindestens einen Extruder; 
erste und zw it Extrusionsdusen (176, 178) 



10 



15 



20 



25 



50 



55 



13 



25 



EP 0 820 353 B1 



zum Extrudieren in r P lymerbahn mit in r 
Dicke von weniger ate twa 0,030 Inch; 
ein £inrichtung(194)2urNachernitzungd s 
M taliblechs nachdem dies s dutch die ersten 
und zweiten Walzenpaare veriauf en ist und die 
Polymerbahnen an beide Seiten gehaftet wor- 
den sind; und 

eine Einrichtung (96) zum schnellen Abktihlen 
des Blechs nachdem dieses nacherhitzt wor- 
den ist. 

11, Vorrichtung nach Anspruch 10, wobei die Vorrich- 
tung eine Einrichtung (192) zur Wiedererhitzung 
des genannten Blechs aufweist, wenn dieser zwi- 
schen dem genannten ersten Walzenpaar und dem 
genannten zweiten Walzenpaar veriauft; und/oder 
wobei die genannte Stutzrolie (180, 186) in jedem 
der genannten Paare ein komprimierbares Material 
als auBeren Walzenabschnitt der Walze aufweist. 

12. Vorrichtung nach Anspruch 1 0, wobei eine oder bei- 
de der Gusswalzen (182, 184) in jedem genannten 
Paar ein komprimierbares Material als auBeren 
Walzenabschnitt der Walze aufweist 
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Revendications 

1 . Processus pour le revetement par extrusion d'un ru- 
ban de metal (1 0) pour produire un ruban de metal 
revetu (11), comprenant les operations consistent 

a: 

foumir un ruban de metal (10) tfune epaisseur 
d'environ 0,007 a 0,014 pouces (0,01778 a 
0,356 mm) ; 

chauffer (20) ledit ruban de metal jusqu'& au 
moins 121°C (250°F) mais a une temperature 
qui ne soit pas aussi elevee qu'elle affecte de 
maniere definitive les proprietes desirees du ru- 
ban de metal ; 

caracterise par les operations suivantes : 

on extrude (21 , 31 ) une resine de polymere sur 
un cote, et la meme resine de polymere ou une 
resine drfferente sur I'autre cote dudit ruban de 
metal chauffe (1 0) et on etire les resines de po- 
lymere extrudees afin de reduire leurs epais- 
seurs, sous des rapports cPetirage de 1 :1 &200: 
1 pour former des revetements qui sont au 
moins partiellement coiles sur ledit ruban de 
metal, lesdits revetements ayant chacun une 
epaisseur dans une plage d'environ 0,0003 
pouces a 0,0015 pouces (0,0076 a 0,038 mm) ; 
on chauffe (42) ledit ruban d metal revetu au 
moins jusqu'au point d transition vitreuse de 
ladite resine, mais a un temperature qui ne 



40 



45 



50 



55 



26 

soit pas aussi 'levee qu 1 lie affecte demanier 
definrtiv les proprietes desirees du ruban d 
metal, d sorte qu ladit resines colle sur 
ledit ruban de metal ; et 
on refroidrt (44) ledit ruban d metal revetu jus- 
qu'a une temperature inferieure & environ 
104°F (40°C) pour sottdifier ladite resine sous 
une forme sensiblement non cristalline. 

Processus selon la revendication 1, dans lequel ie 
ruban de metal (174) traverse i'emprise d'une pre- 
miere paire de rouleaux (180, 182) et ensuite I'em- 
prise tfune seconde paire de rouleaux (184, 186), 
chaque paire de rouleaux comprenant un rouleau 
de coulee (1 82, 1 84) et un rouleau de support (1 80, 
186), et une resine de polymere est extrudee sur 
chaque rouleau de coulee pour appliquer ladite re- 
sine extrudee sur ledit ruban de metal (1 74), et dans 
lequel : 

(a) ledit ruban de metal est chauffe (1 92) apres 
sa sortie hors de ladite premiere paire de rou- 
leaux et avant son entree dans ladite seconde 
paire de rouleaux ; 

(b) ledit ruban est chauffe au moins approxima- 
tivement jusqu^ la temperature de transition vi- 
treuse dudit polymere apres la sortie dudit ru- 
ban hors de ladite seconde paire de rouleaux ; 
et/ou 

(c) ledit ruban est chauffe au moins jusqu'au 
point de fusion dudit polymere apres sa sortie 
hors de ladite seconde paire de rouleaux. 

Processus selon I'une ou Tautre des revendications 
1 et 2, dans lequel : 

(a) ledit polymere dans Tun au moins desdits 
revetements est du polyester ; 

(b) le polymere dans les deux revetements ne 
contient essentiellement pas de solvant ; 

(c) lesdits revetements de polymere sont cons- 
titues a 100 % de materiau polymere ; 

(d) Tun au moins desdits revetements de poly- 
mere contient un pigment ; 

(e) I'un au moins desdits revetements de poly- 
mere comprend une resine a forte viscosite en 
fusion ; et/ou 

(f) I'un au moins desdits revetements de poly- 
mere comprend un melange d'une resine de 
polyester k forte viscosite en fusion et une re- 
sine de polyethylene terephtalate d'une nuance 
pour la production de bouteilles. 

4 Processus selon la revendication 1 , dans lequel les- 
dits polymeres extrudes sont etires a des epais- 
seurs dans une plage de 0,00254 a 0,127 mm 
(0,0001 a. 0,005 pouces), ou dans un plag de 
0,000508 $ 0,0508 mm (0,0002 a 0,002 pouces). 
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5. Processus s Ion la revendication 1 , dans lequel I s- 
dits polymeres extrudes sont etires afin de reduir 
leurs epaisseurs, sous des rapports d* tirage d 10: 
1 a 40:1, ou nviron25:1. 

6. Processus selon la revendication 1 , dans lequel les- 
dits polymeres extrudes sont etires de telle f aeon 
que fun desdits poiymeres extrudes est reduit en 
epaisseur plus que Pautre. 

7. Processus selon la revendication 1 , dans lequel le- 
dit ruban de metal: 

(a) est un alliage d'aluminium ; 

(b) comprend un alliage d'aluminium dans une 
plage d'epaisseur de 0,1 78 a 0,356 mm (envi- 
ron 0,007 a 0,0014 pouces) dans un grade de 
temperation entre intermediaire et dur ; 

(c) est nettoye et traite avant d'etre revetu avec 
lesdites nappes de poiymere ; et/ou 

(d) est traite avec un revetement de conversion . 

8. Processus selon la revendication 2, dans lequel ies- 
dits rouleaux sont disposes de telle facon que : 

(a) ledit njban est deplace vers le bas a travers 
les emprises entre ladite premiere et ladite se- 
conde paire de rouleaux ; 

(b) les axes de ladite premiere paire de rou- 
leaux sont sensibiement horizontaux, et ledit 
ruban circule vers le bas sous un angle dans 
une plage d'approximativement 30 a 70° par 
rapport a I'horizontaie, pour entrer dans Tern- 
prise entre les rouleaux de ladite premiere pai- 
re, et sort de ceux-ci dans une direction des- 
cendante sous un angle dans une plage d'ap- 
proximativement 60 a 140° par rapport a ladite 
direction de circulation du ruban entrant dans 
les rouleaux ; 

(c) ledit ruban penetre dans ladite premiere pai- 
re de rouleaux sous un angle d'environ 45° par 
rapport a I'horizontaie, et sort de ladite premie- 
re paire de rouleaux sous un angle d'environ 
45° par rapport a I'horizontaie; 

(d) ledit ruban circule sur un trajet sensibiement 
recti ligne depuis ladite premiere paire de rou- 
leaux jusque dans les rouleaux de ladite secon- 
de paire de rouleaux et a travers ceux-ci; 

(e) les axes des rouleaux dans ladite seconde 
paire sont disposes dans un plan qui est ap- 
proxhnativementsous un angle de 90° par rap- 
port au plan de circulation dudit ruban a travers 
ladite seconde paire de rouleaux ; ou 

(f) ledit ruban circule sensibiement verticale- 
ment vers le bas a travers I'emprise entre ladite 
premier paire et ladite seconde paire de rou- 
leaux. 



9. Processus s Ion la revendication 2, dans I qu I le- 
dit ref roidiss ment est effectue rapidement apres la 
sorti du ruban revetu hors d ladit seconde pair 
d roul auxet avant le contact des revet mentssur 
I ruban avec un roul au quetconque ou tfautres 
dispositifs mecaniques, et en ce que ledit ruban de 
metal revetu est en option rechauffe au moins jus- 
qu'au point de fusion dudit poiymere avant d'etre 
refroidi. 

10. Appareil pour revetir les deux cotes d'un ruban de 
metal avec du poiymere, comprenant : 

- des moyens pour rechauffer un ruban de metal 
(174); 

une premiere et une seconde paire de rou- 
leaux, chacune desdites paires comprenant un 
rouleau de coulee (182, 184) et un rouleau de 
support (180, 186) qui forment une emprise 
pour un ruban de metal (70) et une nappe de 
poiymere qui la traverse afin de faire adherer 
la nappe sur le ruban ; 
au moins une extrudeuse ; 
une premiere et une seconde matrice d'extru- 
sion (1 76, 1 78) pour extruder une nappe de po- 
iymere d'une epaisseur inferieure a environ 
0,030 pouces ; 

- des moyens (1 94) pour post-chauffer le ruban 
de metal apres son deplacement a travers la 
premiere et la seconde paire de rouleaux et 
comporte des nappes de poiymere en adhe- 
sion sur les deux cotes ; 

des moyens (96) pour rapidement refroidir le 
ruban apres avoir ete post-chauffe. 

1 1 . Appareil selon la revendication 1 0, comprenant des 
moyens (192) pour rechauffer ledit ruban tandis 
qu*il circule entre ladite premiere paire de rouleaux 
et ladite seconde paire de rouleaux ; et/ou dans le- 
quel ledit rouleau de support (180, 186) dans cha- 
cune desdites paires comporte un materiau com- 
pressible au niveau de la partie exterieure du rou- 
leau. 

12. Appareil selon la revendication 10, dans lequel run 
des rouleaux de coulee ou les deux (1 82, 1 84) dans 
chacune desdites paires comporte un materiau 
compressible au niveau de la partie exterieure du 
rouleau. 
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